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Abstract

Pluripotent (undifferentiated) cells are important for their applications in regenerative
medicine. However, gene-based nuclear reprogramming of adult somatic cells is a slow and
inefficient process, and poses some risk to recipient patients. Therefore, a major goal within the
field of stem cell biology is to find a way to accomplish adult somatic cell de-differentiation
using small chemical modulators of gene expression or other non-genomic mechanisms. Pilot
studies in our laboratory have suggested that cells exposed to silver ions generated by the
passage of a weak electrical current through a silver wire show morphological and gene
expression changes reminiscent of de-differentiation .

To better understand the changes

reported , this study will analyze the DNA methylation (using Sodium Bisulfite Conversion) of
CpG sites in the promoters of two genes important in development: LIN28 and HAND].
results suggest that a statistically significant change occurs through the electrostimulation
treatment of porcine fetal fibroblast (PFF) cells.
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Introduction

Pluripotencyand DNAMethylation
Embryonic stem cells (ESCs) are derived from the Inner Cell Mass (ICM) of the
blastocyst-stage embryo, and are defined by a pluripotent state. Pluripotent cells have the ability
to differentiate into cells of all of the three germ layers , but not the ability to become trophoblast
(placental) cells (24).

Characteristics of ES Cs include small size, round shape, and the ability to proliferate
(divide) indefinitely in culture, caused by the up-regulation ( expression) of those genes involved
with DNA replication and cell cycle progression (16).
ln addition to the ' natural ' pluripotency of embryonic stem cells , pluripotency has also
been achieved by forcing the de-differentiation of lineage-committed somatic cells cultured in
vitro . These cells are referred to as induced pluripotent stem (iPS) cells . To produce iPS cells, a

retrovirus or RNA is used to introduce four factors into the cells: OCT3/4, SOX2, KLF4, and CMYC (18). Weeks after introduction of the factors , "reprogrammed " colonies begin to emerge ;

however , there is only a 0.1 % efficiency associated with retrovirus introduction and a 10%
efficiency associated with RNA introduction (16).
The expression of these reprogramming factors initiates a series of "stochastic events"
which are thought to trigger molecular switches that lead to the expression of pluripotency genes

(11, 10) and the silencing of somatic genes (23).

Epigenetic modifications are largel y responsible for maintaining the pluripotent state or
causing differentiation into the various cell lines. Gene inactivation (silencing) is achieved by
hypermethylation of CpG islands by DNA methyltransferase in the promoter region of genes (7),
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which contributes to the stability of inactivation (5). CpG islands are defined by Guanine /
Cytosine (GC)-rich regions of the genome which are associated with about 60% of human genes
(5). In fibroblast cells and during differentiation , there is partial DNA methylation of the
pluripotency genes, and expression is low. However, in undifferentiated ESCs, the same
pluripotency genes are unmethylated, and mRNA levels are high (7). Bisulfite studies of iPS
cells show a loss of DNA methylation in the promoters of pluripotent genes (11).

Electrostimulation and Silver Ions
Electric fields affect the kinetics of DNA, RNA , and protein production . Pulsed
exogenous electromagnetic fields (PEMFs) regulate the expression of genes coding for structural
extracellular matrix (ECM) proteins, and increase the synthesis of growth factors, which
accelerates tissue repair. In osteoblasts , an increased proliferation rate was noted, as well as a
decrease in cell length and an increase in roundness (2) .

In injured amphibians , mature somatic cells respond to specific, naturally generated
electrical factors by dedifferentiating.

The most noted example of this is sa lamander limb

regeneration after amputation : a blastema (mass of undifferentiated cells) appears in place of the
mature cells at the amputation site (4).
In an in vitro study of electrostimulated fibroblast cells with a silver wire, the cells at the
anode became round with enlarged nuclei. A day after the current was removed, the cells looked
like clumps of "young bone marrow ," and after two weeks, the cells had reverted back to mature
fibroblasts (3).
Trace metals have been shown to cause epigenetic changes involving alterations on DNA
methylation and demethylation patterns (8) . Silver Nitrate (AgN03) treatment of human
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keratinocytes initiates chromatin condensation without apoptotic body formation, suggesting an
effect on the supercoiling process of chromatin (17). Silver Ions (Ag+) have a high binding
affinity for thiol, amino, sulphydryl, and carboxyl groups, as well as the phosphate groups on
nucleic acids (26), and can penetrate ion channels without damage to the cell membrane (27).
Furthermore , Ag+ binding in Type I DNA complexes occurs at G-C base pairs (1).

Genes oflnterest
LIN28 is a gene (20) that encodes for a small RNA-binding protein with two RNA-

binding domains (13). Expression is restricted to ESCs and developing tissues (13), and is
positively regulated by SOX2 (a pluripotency gene) (22) via a SOX2 binding site on the LIN28
promoter (6). In the nematode Caenorhabditiselegans, LIN28 expression is key in early
development , and is rapidly downregulated in the adult stage ; therefore , the gene is associated
with pluripotency (28) .
LJN28 promotes cellular proliferation via regulation of the G2 /M checkpoint of the cell

cycle (13) . Furthermore, LJN28 promotes the translation of OCT4 mRNA , another pluripotency
gene (25) , as well as the mRN A translation of several metabolic enzymes, ribosomal peptides ,
cyclins , and splicing factors (22).

Downregulation, as well as loss-of-function , of LIN28 is associated with progress
towards differentiation (20). Gain-of-function, on the other hand , promotes self-renewal via
increased proliferation (22).
Expression of LIN28 is mediated by the relaxation of chromatin and significant
enrichment of a his tone lysine acetylation, H3K9ac. Although the mechanism is not yet known ,
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silencing of LIN28 is not achieved by DNA methylation, and there is very little DNA
methylation found on the promoter region of the gene (19).

RANDI is a basic helix-loop-helix (bHLH) transcription factor that is essential for
embryonic viability, as it regulates a key developmental checkpoint. During development,
HAND] is expressed in the heart , limbs, neural crest derivatives, and extra-embryonic (placental)

membranes (I 5). Expression is required for angiogenesis (blood vessel formation) and smooth
muscle recruitment in the yolk sac (15), as well as placental development (21). HAND]
knockout mice had numerous embryonic and extra-embryonic defects ( 15), and cardiac-specific
knockout mice had defects in the left ventricle and endocardial cushions (14).
Proposal

Due to the need for pluripotent cells for the use in regenerative medicine, a more detailed
understanding of the effects of electrostimulation and silver ions on cells is necessary. This
study was designed to analyze the DNA methylation status of the promoters of two genes
prominent during early development.

Since LIN28 is not silenced by DNA methylation and is

therefore expected to have little DNA methylation in the promoter region , this gene will act as a
contro l gene. However , HA N D] is expected to exhibit a change in DNA methylation patterns
due to the silver ions created by an e lectric current, and is the experimental unit.

Methods

Cell Culture
A line of Porcine Fetal Fibroblast (PFF) cells was maintained throughout the course of
this experiment.

The PFF cells were grown in 85% (v:v) Dulbecco's Modified Eagle Medium

(DMEM) (Corning, Inc.) and 15% (v:v) Fetal Bovine Serum (FBS) (Atlanta Biologicals) , along
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with 2 ng/mL Fibroblast Growth Factor (FGF) (Sigma-Aldrich)and 25 µg/mL Gentamicin
Sulfate (Corning , Inc .) .
The experiment consisted of a single tray with three separate compartments (labeled
Chamber I, Chamber II, and Chamber III , respectively).

Each chamber contained a Poly-L-

Lysine Subbed Frosted End Slide (l "x3"xlmm) (American Master Tech Scientific, Inc.) with a
0.5 mm ~ 99.99% silver wire (Sigma-Aldrich)attached horizontally (Fig. l ), and plated with
about 500,000 PFF cells and immersed in the cell culture. The trays were maintained at 38.8°C
and 6.0% CO2 in a Galaxy 170S cell culture incubator (New Brunswick, eppendorf).

PFF cells

were checked daily until there was 90% to 95% confluence in each chamber.
Figure I: Experimental

Tray with Chambers

I, II, and III

The figure shows the experimental tray with Chamber I on the right, Chamber 11on the left,
and Chamber 111in the back.

Electrostimulation Treatment

The experiment was repeated three separate times for a total of four replicates under the
following equal conditions:
An agar salt bridge was placed between Chamber I and Chamber II, and the silver wire
from Chamber I (the experimental chamber) was connected to the anode of an Agilent B2902A
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Precision Source /Measure Unit (SMU) (Agilent), while the silver wire from Chamber II was
connected to the cathode of the SMU. Chamber III was not connected to the current (the control
chamber) . The plate was maintained in the cell culture incubator at the above stated conditions.
The APSU was used to conduct a current of 280 nA for nineteen (19) hours, at which time the
current was removed.

Collecting Cells
Treated PFF cells were co llecte d from the glass slide via pipette scraping to dislodge the
PFF cells within one-half(½)

cm parallel of the silver wire along the length of the slide. Any

PFF cells remaining on the slide were disposed of. Each chamber's PFF cells and media were
stored in separate 1.5 µL microcentrifuge tubes . The tubes were centrifuged at 500 g (ref) for
five (5) minutes to form a pellet using a Centrifuge 5424 (eppendorf) . Excess media was
removed and discarded.

Microcentrifuge tubes were labeled and stored at -80 °C until further

use .

DNA Isolati on

DNA extraction for treated PFF cells was performed using ZR-Duet DNA/RNA Mini
Prep (Zymo Research).
suspension.

The manufacturer 's recommended protocol was followed for cells in

DNA was eluted with 50 µL DNase /RNase-Free water into 1.5 µL microcentrifuge

tubes. The tubes were labeled and stored at -80 °C until further use.

Sodium Bisuljite Conversion
Sodium (Na) bisulfite conversion of the isolated DNA was performed using EZ DNA
Methylation Direct Kit (Zymo Research) according to the supplier's recommendations.

CT
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Conversion Reagent was prepared following the instructions for 'Reagent Preparation.'

Protocol

for 'Sa mple Digestion with Proteinase K' (Section I) was not followed. Section II of the
protocol, ' Bisulfite Conversion of DNA,' was followed with the addition of a second elution
with IO µL of M-Elution Buffer to yield 20 µL of Na bisulfite converted DNA.
Polymerase Chain Reactions
Polymerase Chain Reaction (PCR) of the Na bisulfite converted DNA was performed to
amplify the promoters of LIN28 and HAND} genes . From this point forward throughout the
study, each step was performed separately for each gene of interest.
PCR reactions consisted of 15 µL of Master Mix (Thermo Scientific), 3 µL of Na bisulfite DNA
from Chamber I or from Chamber III in each of the four trays, 3 µL of the respective primer
pairs (See Table 1), and 9 µL of DNA Nuclear Water (Thermo Scientific) . Samples were run in
the thermal cycler (eppendorf): 95 °F for 5 minutes, then forty (40) cycles consisting of95 °F for
30 seconds, 57°F for 30 seconds, and 72°F for 30 seconds , and finally , 72 °F for 2 minutes.

Table 1: Primer Sequences for the Two Gene Promoters Analyzed by PCR
Gene

Direction

5'-Sequence-3'

LIN28A

Forward

GGTTTTATTTGGTGTATAAAGA

Reverse

AACCACAACTTCCTAAATATTTACC

Forward

CTCCAAAATCCAAAATAAAAATTCC

Reverse

AATTTTTTTAAGTGGTGGTGATTTG

HANDl

PCR samples were tested using gel electrophoresis to confirm the amplification of
properly sized fragments. The gel consisted of 0.75 g Agarose (Denville Scientific, Inc .)

8
dissolved in 50 mL of IX T AE (Omega) and 10 µL of 10 mg/mL Ethidium Bromide Solution ,
Molecular Grade (Promega).
DNA Purification

DNA purification of PCR products was performed using Wizard PCR Preps DNA
Purification System (Promega). Protocol was followed for 4.C. 'Direct Purification of DNA
from PCR Amplications ' using 27 µL of PCR product, and completed following 5.B.
' Purification without a Vacuum Manifold. '
Based on concentrations (ng/µL) determined by NanoDrop 2000 Spectrophotometer
(Thermo Scientific) , representative samples were taken for each of the four trays and combined
to yield a single sample for Chamber I. The same protocol was used to yield a single sample for
Chamber III. The final concentration of DNA for each sample was 7.2 ng/µL. Samples were
stored at -20 °C until further use.

DNA Ligation

Two ligation reactions ( one for Chamber I and one for Chamber III) were set up, each
consisting of 1 µL of pGem-T Easy Vector (Promega) , 1 µL of T4 DNA Ligase (Promega), 5 µL
of2X Ligation Buffer (Promega) , and 3 µL of the purified DNA sample. The reactions were
kept at 4°C for twelve (12) hours, and then stored at the thermal cycler at 70°C for fifteen (15)
minutes to deactivate the ligase.

Agar Plate Preparation

Agar plates were prepared using 18.5 g of LB Agar (Miller) dissolved in 500 mL of
double-distilled (dd) water . After autoclaving for one (1) hour, the mixture was cooled to 57°C ,
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and 500 µL of each of 5-bromo-4-chloro-3-indolyl-13-D-galacto-pyranoside
Isopropyl P-D-1-thiogalactopyranoside

(X-Gal) (Promega),

(IPTG) (Promega), and Antimicrobial Peptide (Amp)

(Corning, Inc.) were added and stirred to combine. The agar mixture was allotted to seventeen

(17) labeled petridishes and stored at 4 °C until further use.

Bacterial Transformation
Transformation of the ligation products into laboratory E. coli strains for amplification
was accomp lished using NEB 5-alpha competent cells (New Eng land Biolabs, C2987I). 5 µL of
ligation mixture was used for Chamber I and for Chamber III, while 5 µL of PUC 19 Control
DNA (New England Biolabs) was used for a control. The I 0-fold serial dilutions in SOC were
not performed. 250 µL of transformation mixture was added to each of five (5) warmed (39 °C)
agar plates: Chamber 1-1 (CI-1), Chamber I-2 (CI-2), Chamber III-1 (CIII-1) , Chamber III-2
(Cf!I-2) , and Control. Plates were incubated overnight at 39°C in a cell culture incubator, then
sealed with parafilm and stored at 4°C until further use .

Colony Amplification
To achieve amplification on those successfully transformed bacterial colonies, 15.0 g LB
Broth, Lennox (EMD Chemicals) was dissolved in I 000 mL of dd water. The mixture was
autoclaved for one (I) hour , and then 100 µL of 100 mg/µL Ampicillin was added. Twenty-nine
(29) test tubes were labeled , and 3 mL of the LB+Amp Broth were added to each. One (1) test
tube acted as a control Uust broth) , while fourteen (14) were derived from colonies from
Chamber I [seven (7) colonies were selected from agar plate CI-1 using a pipette tip , and the
other seven (7) colonies were selected from agar plate CI-2)] and another fourteen (14) were

derived from colonies from Chamber III (following the same protocol as Chamber I). The test
tubes were covered and incubated overnight at 37°C with a shaker on medium speed.

Plasmid Recovery
Plasmid recovery was performed using E.Z.N.A. Plasmid DNA Minikit I (Omega BioTek). The centrifugation (spin) protocol was followed beginning with 1500 µL of bacteria/broth
mixture. The optional second wash using DNA Wash Buffer was not performed. The plasmid
DNA was eluted using 50 µL of the provided Elution Buffer.

Plasmid recovery was confirmed using a restriction enzyme digest of four samples [two
(2) from Chamber I and two (2) from Chamber III] chosen at random . The experimental samples
consisted of 10 µL of plasmid DNA , 1 µL EcoRI Fast Digest Enzyme (Thermo Scientific), 2 µL
of 1OX Fast Buffer (Thermo Scientific), and 7 µL of dd water. A control sample consisted of 2.5
µL of DNA of each of the four samples , 2 µL of 1OX Fast Buffer , and 8 µL of dd water. The

reactions were incubated at 3 7°C for twelve (12) minutes and tested using gel electrophoresis
using the above protocol.

DNA Sequencing
Plasmid DNA sequencing was performed by a genomics specialist using an ABI PRISM
3730 DNA Analyzer at Utah State University's Center for Integrated BioSystems.

Twenty-eight

(28) samples were prepared in 10 µL reactions: 1 µL m13 standard primer and a 9 µL of [20
ng/ µL] DNA (concentrations determined by NanoDrop Spectrophotometer).
Sequences were analyzed using the web-based Bisulfite Sequencing DNA Methylation
Analysis (BISMA) software. Parameters for the analysis of the LIN28 gene were 95% for the
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Lower Threshold Conversion Rate, 90% for the Lower Threshold Sequence Identity, 20% for the
Upper Threshold ofN-sites at Cytosine Positions, and 20% for the Upper Threshold Insertion/
Deletions. Parameters for the analysis of the HAND] gene were 87% for the Lower Threshold
Conversion Rate, 87% for the Lower Threshold Sequence Identity, 20% for the Upper Threshold
ofN -sites at Cytosine Positions, and 20% for the Upper Threshold Insertion/ Deletions. BISMA
outputs include information regarding the number of sequences and the number of individual
CpG sites that were able to be analyzed by the software, the average percentage of methylation
present in each sequence, and the individual sites of CpG methylation in each analyzed sequence.
Statistical Analysis

Statistical data was obtained using the VassarStats One-Way ANOV A software. An
analysis was set up to include 2 independent samples (the percent methylation of individual
sequences in each of Chamber I (sample 1) and Chamber III (sample 2)). The analysis provided
the average percent of total DNA methylation , the standard deviation , and the standard error.
Furthermore, the analysis resulted in a p-value for statistical significance analysis.

Results and Discussion

Appearance

After electrostimulation of the PFF cells, many of the cells in Chamber I were round in
shape, in distinct contrast to the elongated appearance prior to treatment (Fig. 2). No apparent
difference was noted in either of Chamber II or of Chamber III. As noted above, a change in
morpho logy is an indication of a tendency towards dedifferentiation.
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Figure 2: Chamber I and Chamber III after Treatment

The figure on the left is C hambe r I after electro stimulati o n, whi le the figure on the ri ght is C hamber Ill.

DNA Methylation Status: LIN28

In the LIN28 reference sequence, there are 29 CpG sites (potential methylation sites).

DNA sequencing provided analyzable sequences for 13 of 14 samples submitted for Chamber I.
The numb er of CpG sites analyzed was 368 (97.6%), while 9 sites (2.4%) were not analyzed due
to incomplete data from sequenc es. DNA sequencing pro vided analyzable sequences for 14 of
14 samp les submitted for Chamber III. The number of CpG sites analyzed was 406 (100%) .
In the sequences originating from Chamber I, the total number of unmethylated CpG sites
was 363 sites (98.6%), while 5 sites (1.4%) were methylated CpGs . 9 individual sequences each
had 0.0% total DNA methylation , 3 individual sequences each had 3.4% total DNA methylation
(1 site: 16; 19; 29) and 1 individual sequence had 6.9% total DNA methylation (2 sites: 6, 14)
(Table 2). The overall average total DNA methylation for all samples was 1.315% DNA
methylation with a standard deviation of2.232 and a standard error of0.619 (Fig . 3).
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Table 2: DNA Methylation in Chamber I for LIN28
1

2

3

4

5

8

9

10 11 12

16 17 18 19 20 21 22 23 24 25 26 27 28 29

•
••••
••••••••
••• •••

This table depicts the 29 CpG sites horizontally with each of the 13 samples depicted vertically.
Red denoted sites of methylation, blue denotes sites of unmethylation, and white depicts missing data.

In the sequences originating from Chamber III, the total number of unmethylated CpG
sites was 401 sites (98.8%), while 5 sites (1.2%) were methylated CpGs. 10 individual
sequences each had 0.0% total DNA methylation , 3 individual sequences each had 3.4% total
DNA methylation (1 site: 12; 16; 22) , and 1 individual sequence had 6.9% total DNA
meth ylation (2 sites: 19, 21) (Table 3). The overall average total DNA methylation for all
samples was 1.221 % DNA methylation with a standard deviation of 2.173 and a standard error

of 0.581 (Fig. 3).
Of the 8 total samples with DNA methylation, there was no apparent favor to any
individual CpG site. This data shows that there are only very limited amounts of DNA
methylation present on the promoter region of the gene in our porcin e fibroblasts , under both
control and experimenta l conditions. This data suggests that LIN28 is in fact largely silenced by
a mechanism other than DNA methylation.
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Table 3: DNA Methylation in Chamber III for LIN28
1

2

3

4

5

6

7

8

9

10 11 12 13 14 15 16 17 18 19 2 0 21 22 23 24 25 26 27 28 29

This table depicts the 29 CpG sites horizontally with each of the 14 samples depicted vertically.
Red denoted sites of methylation and blue denotes sites of unmethylation.

Figure 3: Average DNA Methylation of LJN28 with Standard Deviations

DNA Methylation of LIN28

Chamber I

Chamber Ill
Chambers

DNA Methylation Status: HANDJ

In the HA N DJ reference sequence , there are 21 CpG sites . DNA sequencing provided
analyzable sequences for 8 of 14 samples submitted for Chamber I. The number of CpG sites
analyzed was 153 (91.1%), while 15 sites (8.9%) were not analyzed due to incomplete data from
sequences. DNA sequencing provided analyzable sequences for 14 of 14 samples submitted for
Chamber III. The number ofCpG sites analyzed was 285 (96.9%), while 9 sites (3.1%) were not
analyzed due to incomplete data from sequences .
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ln the sequences originating from Chamber I, the total number of unmethylated CpG sites
was 136 sites (88 .9%), while 17 sites (11.1 %) were methylated CpGs. 2 individual sequences
had 0.0% total DNA methylation , 1 individual sequence had 4.8% total DNA methyl ation (1 site:
20), 2 individual sequences had 14.3% total DNA methylation (3 sites: 11, 12, 16; 15, 16, 21), 1
individual sequence had 15.8% total DNA methylation (3 sites: 11, 12, 16), 1 individual
sequence had 19.0% total DNA methylation (4 sites: 13, 15, 16, 21), and 1 individual sequence
had 23.4% total DNA methylation (3 sites: 6, 13, 15) (Table 4) . The overall average total DNA
methylation for all samples was 11.413 % DNA methylation with a standard deviation of8.737
and a standard error of 3.090 (Fig. 4).
Table 4: DNA Methylation in Chamber I for HAN D/

1 2

3

4

5

7

8

10 11 12 13 14 15 1b 17 18 19 2 0 21

■ ■

■

This table depicts the 2 1 CpG sites horizontally with each of the 8 samples depicted vertically.
Red denoted sites of methylation, blue denotes sites of unmethylation, and white depicts missing data.

In the sequences originating from Chamber III , the total number of unmethylated CpG
sites was 201 sites (70.5%), while 84 sites (29.5%) were methylated CpGs. 4 individual
sequences had 0.0% total DNA methylation , 1 individual sequence had 4.8% total DNA
methylation (1 site: 1), 1 individual sequence had 9.5% total DNA methylation (2 sites: 16, 18),
1 individual sequence had 14.3% total DNA methylation (3 sites: 4, 19, 20), 1 individual
sequence had 28.6% total DNA methylation (6 sites: 4-6 , 14-16), 1 individual sequence had
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47.6% total DNA methylation (10 sites: 1-3, 8, 9, 15-18 , 21), 2 individual sequences had 52.4%

total DNA methylation (11 sites: 1-3, 5, 6, 10-13, 15, 16; 3-8, 12-15, 19), 2 individual sequences
had 66.7% total DNA methylation (14 sites: 1-3, 5, 6, 10-13, 15, 16, 19-21; 8 sites: 11-16, 18,
19), and 1 individual sequence had 85.7% total DNA methylation (18 sites: 2-8, 11-21) (Table
5). The overall average total DNA methylation for all samples was 30.621 % DNA methylation
with a standar d deviation of30.392 and a standard error of8.123

(Fig. 4) . This average of total

DNA methylation is 19.208% higher than the average of total DNA methylation for Chamber I.
Table 5: DNA Methylation in Chamber Ill for HAND/

---------------------------- ----1

2

3

4

5

G

7

8

9

10

11

12

13

14

15

16

17

18

19

20

This table depicts the 21 CpG sites horizontally with each of the 14 samples depicted vertically.
Red denoted sites of methylation, blue denotes sites of unmethylation, and white depicts missing data.

Figure 4: Average DNA Methylation of HAND/ with Standard Deviations

DNAMethylation ofHANDl
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There was an apparent trend for CpG sites containing methylation.

Of the 21 CpG sites

for HAND}, Chamber I had only 8 sites that had greater than 0.0% DNA methylation: sites 6, 11,
12, 13, 15, 16, 20, and 21 (Table 6). The highest methylated CpG sites were site 16 (57.1%), site
21 (40.0%), site 15 (37.5%), site 11 (28.6%), and sites 12 and 13 (25 .0%). Sites 1-5, 7-10, 14,

and 17-19 all contained 0.0% methylation in all of the analyzed cases.

Table 6: Average Methylation for each CpG site (HANDJ Chamber I)

CpG site

2

CpG position

3

4

5

6

7

8

9

l0

11

12

13

14

15

l6

17 18 19 20

21

22 29 39 63 65 67 70 92 96 133 174 177 194 232 255 264 288 303 328 342 372

rvlethylntion [ o] 0 0 0.0 0.0 0 0 0.0 12.5 0.0 0.0 0.0 0 0 28.6 25.0 25.0 0.0 37.5 57.1 0.0 0 0 0.0 20.0 40.0
0

Chamber III , on the other hand, had all CpG sites with methylation greater than or equal
to 7.7% (Table 7). The highest methylated CpG sites were site 15 (50.0%), site 16 (50.0%), sites
3, 5, and 6 (38.5%), sites 12, 13, and 19 (35.7%), and sites 1, 2, and 4 (30.8%). There were no
CpG sites that contained 0.0% methylation in all of the analyzed cases.

Table 7: Average Methylation for each CpG site (HANDI Chamber III)

CpCisite

2

3

-1

5

6

7

29

39

63

65

67

70

8 9 10 11 12 13 14 15 16 17 18 19 20 21
92 96 133 174 I 77 194 232 255 264 288 303 328 342 372
~lethyl~tion [°'o] 30.8 30.8 38.5 30.8 38.5 38.5 15.4 23.1 7.7 1-U 28.6 35.7 35.7 28.6 50.0 50.0 14.3 28.6 35.7 21.4 21.4
CpCiposition

1,

For the 8 sites containing methylation in Chamber I, there were various levels of change
between Chamber I and Chamber III. The change in percentage of total DNA methylation at the
given CpG sites is shown in Figure 5. These results point out that the methylation status has
changed dramatically as a result of the treatment.
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Figure 5: Change in Mcthylation

after Electrostimulation
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This figure depicts the 8 CpG sites with a percentage of total DNA mcthylation of over 0.0% in Chamber I. The percentage
change was calculated by the percentage of total DNA methylation at a given CpG site in Chamber I subtracted from the
percentage of total DNA methylation at a given CpG site in Chamber 111. A negative value indicates a decrease in methylation
after electrostimulation treatment, while a positive value indicates an increase in methylation after electrostimulation trea tment.

Statistical Significance
To test the statistical significance of the DNA methylation results of HAND] , a ChiSquar e Test was used with an a leve l of 0.05 and one degree of freedom (Table 8) to analyze the
methylation pre sent at each individual CpG site in Chamber I and Chamber III, respectively. Of
the 153 individual CpG sites that were analyzed from Chamber I, 17 had methylation (yes) ,
while 136 did not have methylation (no). For Chamber III, there were 285 analzyed individual
CpG sites, 84 of which had meth ylation (yes) and 201 that did not (no).

Results of the Chi-Square Test prove the data to be statistically significant (the null
hypothesis is rejected): The Yates value is 17.9 (p= <0.0001) and the Pearson value is 18.92
(p=< 0.000 I) . The Phi va lue is +0.21, indicating a weak positive correlation between the two
scenanos .
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Table 8: Chi-Square Test for the Number of Un/Methylated CpG Sites for HAND I
Methylation

Chamber I

Chamber III

Yes

17

84

101

No

136

201

337

Total

153

285

438

Total

Each individual DNA sequence was derived from a single given source; therefore, the
individual CpG sites are not completely independent, as demonstrated in the Chi-Square Test.
To acknowledge this fact, an analysis was done on the DNA methylation on a per-sequence basis
of HAND}. A One-Way ANOV A statistical analysis was performed with one degree of
freedom. The P value is reported asp= 0.0746. The null hypothesis can be rejected at a level of
0.10, suggesting a tendency towards statistica l significance.
Conclusion

Results from this study indicate that the electrostimulation of PFF cells via a current
running through a silver wire generates silver ions that interact with the genome. This
interaction causes a change in the methylation status of genes with moderate-to-high levels of
DNA methylation. This change may indicate a tendency towards dedifferentiation of the PFF

ce lls. The electro stimu lation could be an appropriate initiation event for the series of "stochastic
eve nts" involved in nuclear reprogramming.

However, a larger-scale genome-wide DNA

methylation study would provide a better understanding of the effects of silver ions generated by
the electrical current caused in the cell.
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Future Plans

This project is a small portion of a larger study being conductedat Utah State University
(U SU), College of Agriculture and Applied Sciences (CAAS), Department of Animal , Dairy , and
Veterinar y Sciences (ADVS) , under the supervision of Dr. S. Clay Isom.
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Reflective Writing

Word Count: 1074
When I initially began working on my Capstone project, I thought writing the paper
would be hardest part. After starting my research in the laboratory, however , I quickly
understood my misconceptions.

With so many variables in the lab , it is practically a miracle

when the experiment works. Luckily, I started my research project the beginning of my junior
year, which allowed me to finish my laboratory project before that summer. I was also very
lucky to stumble upon a mentor who is extremely knowledge and patient, and walked me
through parts that I did not understand, a project that was interesting , and a topic that furthered
my passion for the field of Genetics. After Dr. Isom explained the general layout of the project
and the initial steps, he allowed me a free-rein to work in the lab . This made the experience
grea t, because I truly felt that the proj ect was mine , and I was excited for the results. I didn ' t
mind hav ing to come into the lab on the weekends to check on cells or finish a lengthy protocol.
During the laboratory research phase , I ran into many unexpected problems. My mentor
and I both thought the experiment would take 3 or 4 months; however , it took almost 8 months.
I ran into many problems with the primers used in the PCR reactions. Sometimes they worked,
and sometimes they didn't. I would mix new primers to account for any primer degradation , and
try the PCR reactions again, and again, sometimes they would work, and sometimes they didn ' t.
Eve ntually , I decided to pick new primers (so, therefore, new genes) to analyze. Sometimes the
PCR reactions didn't work because of Master Mix contamination.

Then I had to run another

series of PCR reactions to verify the source of the contamination, and restart the original PCR
reactions that I was after. Another problem I ran into was not adding enough Ethidium Bromide
to the gels I made for Gel Electrophoresis.

In this case , I would have to rerun the PCR to re-
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obtain the product to run on the gel. I also experienced problems with the NanoDrop machinery.

Ona single sample, I often obtained results that were over 100ng/mL different. This was often
frustrating , and I would have to instead use hand calculations to figure out the DNA
concentrations of my samples. Once, I did not carefully look at the bottle of reagent I had used,
and after I added it to my 29 samples, I realized that it had to be diluted in Ethyl Alcohol to work
properly. The results did not work, and I had to redo that 4 hour protocol. After that, though, I
always double-checked my reagents!

I was able to conduct my literature research last summer, and read over eighty scientific
papers. At first, the process was overwhelming , and many of the terms and jargon were hard to
understand. However , as time wore on, I was able to read the papers faster, and comprehend
them at a much higher level. At that point, reading the papers was no longer a task, and I found
myself fascinated with the research designs and the results. Furthermore, this enriched my
educational experience , because instead of memorizing the definitions of laboratory procedures
and the roles of specific biological enzymes , I was able to understand why they are important ,
and how they can help scientists learn more about this incredible planet in which we live.
I began the writing process during Christmas Break of my senior year during a long car
ride to California . The hardest part of the writing process was accepting that although I read
eighty articles , I didn ' t need to use all of them . I had to understanding the difference between the
important information that will help my readers understand my research and the important
information that helped me to better understand science. I did not think of the additional articles
as wasted time, however, because they were important in my education to deeply understand
what was going on at the molecular level of my project, so that I could better explain my results
in the discussion part of my paper. I was told to take extremely detailed notes in my laboratory
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journal during the laboratory research phase , and I am very thankful for that piece of advice. I
had run so many different reactions and there were so many figures and results in the notebook
that sifting through the critical parts of the procedure was a large task. After I found the
information I needed, the Methods section was basically already written for me.

I had a fun time writing the results section because I felt that the past 1.5 years of work
was finally being accounted for. I spent a lot of time in excel analyzing numbers and delving
into the depths of my results. I tried to look for new perspectives, and things that my readers
would find interesting. I spent a lot of time making charts and graphs because I think visual aids
help drive home the points I am trying to make in my writing. Sometimes it is hard to describe
certain concepts using words, and it can be easily described with a picture, as was the case when
I was trying to describe the plates we used for the experiment.

The editing process was not too bad ; even though my paper came back with a lot ofred
marks and comments, most of the suggestions were easy fixes. I enjoyed collaborating with my
mentor on what could be made better , and I enjoyed learning the perspective that he had while
reading the paper. There was only one place the needed major editing, and it was because of a
miscommunication of a word. To me , I wrote "sa mple," meaning an individual DNA sequence.
However, my mentor pointed out that to him , "sa mple " meant Chamber I or Chamber 3, and I
should use the phrase "DNA sequence" to avoid this confusion. I also had believed in mind that
" individual CpG site" meant each CpG site in an individual DNA sequence, whereas my mentor
interprets an individual CpG site as the actual site location (not specific to an individual DNA
sequence). The editing process made me more aware of other interpretations and further
developed my critical thinking skills. Overall, I am satisfied in my participation in the Honors
Program because the Thesis Project took my education to a new level.
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